Introduction
The reactions of organotin oxides with phosphoryl halides (POX3; X = Cl, Br) [1, 2] and with organophosphoryl chlorides (R 2POCl) [3] have been used in the synthesis of organotin dihalophosphates and organotin diorganophosphinates respectively. These compounds are generally as signed a polymeric structure with tin atoms joined by O -P -O bridges.
The polymeric structures of Me3S n 0 2PCl2 and Me3S n 0 2PM e2 [4] have been confirmed by Xray diffraction methods. Recently we have studied the synthesis, vibrational spectra and mass spectra of Ph3S n 0 2PRR' compounds (R R ' = M e2, MePh, Ph2) [3] , We report here the reactions of (/7-Bu)2Sn(O CO CH 3)2 with Ph2POCl and with M ePhPOCl and the synthesis of (/i-Bu)2S n (0 2P R R ')2 (R R ' = Me2, MePh, Ph2). The vibrational spectra and the mass spectra of the prepared compounds are assigned and dis cussed.
Results and Discussion
Di-/i-butyltin acetate reacts with phosphinic chlorides P R 'PO C l (R R ' = MePh, Ph2) in toluene at room tem perature to give products of the type («-Bu)2S n (0 2P R R ')2 according to the following equation.
Anhydrous metal acetates react with PO C l3 to produce metal dichlorophosphates along with CH 3COCl [5, 6] . M e3S i0 2PBr2 was prepared by the reaction of PO B r3 with M e3SiO CO CH3 [7] .
Relatively low yield is obtained when R R 'PO C l is added to (/7-Bu)2Sn(O C O C H 3)2 in 2:1 molar proportions. No significant change of the yield re sults if the reactions are carried out in toluene or diethyl ether, or without solvent. On the other hand, the reactions of R R 'PO C l compounds with an excess of («-Bu)2Sn(O C O C H 3)2 in toluene lead to the formation of (n-Bu)2S n (0 2P R R ')2 products in high yield. Consequently, the low yield may due to the reaction of (/i-Bu)2S n (0 2P R R ')2 with R R 'PO C l to give (n-Bu)2SnCl2 according to the following reaction.
(rt-Bu)2S n (0 ,P R R ')2 + 2 R R 'P O C l -(«-Bu)2SnCl2 + 2 (R R 'P 0 ) 20
In this connection, it is worth noting that the formation of CuCl2 as a side product has been ob served by the reaction of C u(O C O C H 3)2 with POCl3 [6] . The synthesis of (n-Bu)2S n (0 2PPh2)2 by the reaction of (/7-Bu)2SnCl2 with N a 0 2PPh2 [8] or N H 40 2PPh2 [9] has been reported. (n -B u )2 S n ( 0 2 P M e2 ) Vibrational spectra Table I lists the observed infrared and Raman frequencies of (n-Bu)2S n (0 2P R R ')2 (R R ' = Me2, MePh, Ph2), with the relative intensities and as signments. The frequencies of the 0 ?P R R ' group were assigned by comparison with the vibrational spectra of Ph3S n 0 2P R R ' [3] . The appearance of v (P 0 2) frequencies between 1200 and 1000 cm -1 is consistent with bidentate bonded 0 2P R R ' groups. M onodentately bonded 0 2P R R ' group shows frequencies v (P = 0 ) > 1200 cm -1 and v (P -O ) < 1000 cm " 1. This behaviour and the physical prop erties such as involatility and insolubility in com mon organic solvents indicate polymeric structures of («-Bu)2S n (0 2P R R ')2 in which the tin atoms are hexa-coordinated and linked by double O -P -O bridges. As a result of such bridges, Sn20 4P2 eightm em bered rings are likely to be formed.
As observed earlier in the vibrational spectra of Ph3S n 0 2P R R ' [3] , the vas( P 0 2) frequency of (/?-Bu)2S n (0 2P R R ')2 decreases in the transition from R R ' = Ph2 to R R ' = MePh to R R ' = Me2 as a result of decreasing electron withdrawing power of R R ' in the same direction. The Raman spectra of («-Bu)2S n (0 2PM ePh)2 and (n-Bu)2S n (0 2PPh2)2 display bands at 620 cm " 1 assignable to ( C -C -C ) bending of the phenyl groups. Corresponding modes are observed at 618-621 cm -1 in the vibra tional spectra of Ph3S n 0 2P R R ' [3] , The absence of this band in the vibrational spectra of (n-Bu)2S n (0 2PM e2)2 supports the given assign ment. The Raman spectra of (n-Bu)2S n (0 2PMePh)2 and (ft-Bu)2S n (0 2PPh2)2 show the characteristic very strong band due to phenyl ring breathing at 1000 and 1001 cm -1, respectively Structural information concerning the SnC2 geom etry can be obtained from the v(SnC2) fre quencies. For a linear CSnC arrangement vas(SnC2) will be infrared active, but Raman in active, and vice versa for the vs(SnC2) vibration. Pertinent bands at 627, 634 and 638 cm " 1 appear only in the IR spectra of (/i-Bu)2S n (0 2PMe2)2, (/7-Bu)2S n (0 2PM ePh)2 and (n-Bu)2S n (0 2PPh2)2, respectively, and are attributed to vas(SnC2) vibrations. The vas(SnC2) vibrations were assigned at 644 and 645 cm -1 in the IR spectra of (n-Bu)2S n (0 2PF2)2 [10] and («-Bu)2S n (0 2PH 2)2 [11] , respectively. The very strong Raman band at 595 cm -1 for (/i-Bu)2S n (0 2PMe2)2 and the strong Raman bands at 602 cm-1 for (>?-Bu)2S n (0 2PMePh)2 and 603 cm " 1 for (/i-Bu)2S n (0 2PPh2)2 are ascribed to vs(SnC2) vibrations. Corresponding vs(SnC2) absorptions are absent in the IR spectra of (/7-Bu)2S n (0 2PM ePh)2 and («-Bu)2S n (0 2PPh2)2. Accordingly, the vs(SnC2) frequencies are con sistent with a linear CSnC arrangem ent for («-Bu)2S n (0 2PM ePh)2 and («-Bu)2S n (0 2PPh2)2. The appearance of vs(SnC2) as a very weak band at 600 cm -1 in the IR spectrum of (ft-Bu)2S n (0 2PM e2)2 may indicate a deviation from CSnC linearity. Consequently, a sheet-like polymeric structure for («-Bu)2S n (0 2P R R ')2 can be suggested with the butyl groups in a trans-octa hedral position. Similar structures have been found in Me2S n (0 2PCl2)2 [12] , E t2S n (0 2PCl2)2 [1] , R 2S n (0 2PF2)2 [10] and R 2S n (6 2PH2)2 [11] (R = Me, Et, h -B u ).
A polymeric structure with hexa-coordinated tin atoms has been proposed for (/i-Bu)2S n (0 2PPh2)2 on the basis of 1!9Sn M ößbauer spectra [13] . Table II gives the intensities of characteristic peaks in the E l mass spectra (70 eV) of («-Bu)2S n (0 2P R R ')2 (R = R ' = Me, Ph; R = Me, R ' = Ph). The molecular ion (/i-Bu)2S n (0 2PRR')2 + is absent but the mass spectra of (n-Bu2)S n (0 2PM e2)2 and (/?-Bu)2S n (0 2PM ePh)2 show the molecular ion minus a methyl group with low abundance.
Mass spectra
Fragments with masses greater than the m olecu lar mass of the m onom er appear in the mass spectra of (n-Bu)2S n (0 2P R R ')2, which is in agreem ent with the polymeric structure of the compounds. The S n (0 2P R R ')+ ion represents the base peak in the spectra of (n-Bu)2S n (0 2P R R ')2, while the spectra of Ph3S n 0 2PR R ' [3] show Ph2S n 0 2P R R '+ as the base peak. Consistent with previous observations for Ph3S n 0 2P R R ' [3] , the loss of n-butyl radicals and of the entire 0 ?P R R ' group from tin represent the major fragmentation processes of (/i-Bu)2S n (0 2P R R ')2.
N oteworthy is the occurrence of PhSn+ ion in the mass spectra of («-Bu)2S n (0 2PM ePh)2 (38%) and («-Bu)2S n (0 2PPh2)2 (28%) indicating a phe nyl group transfer and the greater strength of the S n -P h bond as com pared with Sn-Alkyl bonds.
The mass spectra of (n-Bu)2S n (0 2P R R ')2 ex hibit the even electron ions B u S n (0 2PRR ')2, H S n (0 2PRR')2 and Bu2S n (0 2P R R ')+ in con siderable abundance. The appearance of even electron tin-containing fragments with significant intensity is very com mon in the mass spectra of organotin compounds [14, 15] .
Experimental
The IR spectra were obtained with a B ruker in strum ent IFS 88 equipped with KBr and poly ethylene windows; Nujol mulls were used. The R a man spectra were recorded with a D ilor XY multichannel system instrum ent with 514.5 nm excitation of 10-40 mW power. Mass spectra were recorded on a Varian MAT CH 7 A instrum ent (El 70 eV). The elemental analyses were perform ed by the analytical laboratory of Fachbereich Chemie der Universität Marburg, Germany. The reactions of (n-Bu)2Sn(O C O C H 3)2 with Ph2POCl and PhM ePOCl were carried out under anhydrous conditions.
Preparation o f (n-Bu)2S n (0 2PM e2)2
A solution of H 0 2PMe2 (0.2 g, 2.13 mmol in 15 ml benzene) was added to a solution of («-Bu)2Sn(O C O C H 3)2 (0.39 g, 1.1 mmol) in 10 ml benzene at room tem perature. A fter few minutes a white crystalline precipitate began to form. The reaction mixture was kept for 2 d at room tem perature. The resulting precipitate of (n-Bu)2S n (0 2PM e2)2 was filtered off, washed with benzene, then with diethyl ether and dried in vacuum. The yield was 0.24 g (54%). (fl-Bu)2S n (0 2PMe2)2 is insoluble in CC14, C H 2C12, ethanol and acetone; m.p. >200 °C. C 12H 30O4P2Sn (419.02) Calcd C 34.40 H 7.22% , Found C 34.31 H 7.03% .
Preparation o f (n-Bu)2Sn(0 2 PPh2)2
Ph2POCl (0.67 g, 2.8 mmol) was added to a solu tion of (n-Bu)2Sn(OCOCH3)2 (4.0 g, 11.4 mmol) in 20 ml toluene. The reaction mixture was kept for 2 d at room tem perature. The precipitate of (/i-Bu)2S n (0 2PPh2)2 was filtered off, washed with toluene, then with diethyl ether and dried in vacuum.
The yield was 0.92 g (97%). 
Preparation o f (n-Bu)2S n (0 2PM ePh)2
PhM ePOCl reacts with an excess of (rc-Bu)2Sn(OCOCH3)2 in a procedure as described for (n-Bu)2S n (0 2PPh2)2. The compound is insolu ble in C C I4 , CH2C12, m ethanol and acetone; m.p. >200 °C. C22H340 4P2Sn (543.16) Calcd C 48.65 H 6.31% , Found C 48.56 H 6.13%.
